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Summary.-Wistar rat embryo cells were treated in vitro with either 25 fug/ml of
nitrosomethylurea (NMU) or phosphate buffered saline. Both groups showed
morphological transformation by the 13th passage but their ability to grow in soft
agar did not occur until at least passage 23; plating efficiencies indicated that NMU
had reduced transformation. However, both control and treated cells gave rise to
fibrosarcomata after similar latent periods following inoculation into syngeneic
recipients. The fibrosarcomata had " myxoid " and " leiomyomatous " areas, and
two resembled haemangiopericytomata; for the most part the tumours were trans-
plantable. Inoculation of cloned NMU-treated cells produced fibrosarcomata
with a high proportion of giant cells but only after a very long latent period. No
virus particles were detected in tumour samples by electron microscopy.
ALTHOUGH there have been reports of
the induction of tumours in rats by the
inoculation of syngeneic cells that have
transformed in vitro either spontaneously
(Sato et al., 1968; Vesely, Donner and
Kucerova, 1968; Sharon and Pollard,
1969;Bergs etal., 1972;Oshiro,Gerschenson
and DiPaolo, 1972), or after treatment
with a chemical carcinogen (Namba and
Sato, 1971), the histopathology oftumours
arising in rats from transformed syngeneic
embryo cells does not appear to have been
described. Freeman et al. (1970, 1971b)
were unable to produce tumours in rats
by the inoculation of " transformed " rat
embryo cells into syngeneic hosts. The
present paper discusses the in vitro trans-
formation of rat embryo cells, both spon-
taneously and after treatment with the
chemical carcinogen nitrosomethylurea
(NMU), and the induction of primary
tumours in syngeneic hosts by implanta-
tion of transformed cells. The serial
transplantability ofsome ofthese tumours
and their detailed morphology are de-
scribed.
MATERIALS AND METHODS
Materials.-Cells wA-ere grown routinely
in 9 cm plastic tissue culture dishes (A/S
Nunc, Denmark) containing 8 ml of complete
medium (CM) comprising Eagle's minimal
essential medium supplemented with 10%
autoclaved tryptose phosphate broth (Difco),
8% unheated Fraburg calf serum, 2% bovine
foetal serum, 0.200 sodium bicarbonate
(Analar), 100 iu/ml penicillin, 100 [kg/ml
streptomycin and 2 ,ug/ml Fungizone (Squibb
and Sons, New York).
A slight modification of the soft agar
method of Macpherson and Montagnier
(1964) was used to detect transformed cells.
Assays were carried out in 5 cm Nunc
dishes, the base agar medium comprised
CM with the addition of 0.500 Difco Noble
agar and the bicarbonate content reduced
to 041%, and the overlay agar medium was
similar except that the agar concentration
was reduced to 0.44% and the calf serum
content was increased to 16%.
* Address for reprints: Pollards Wood Research Station, Nightingales Lane, Chalfont St Giles, Bucking-
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Animals-.Rats of the inbred Wistar
strain were used. The colony, housed under
minimal disease conditions at the Mill Hill
laboratories of the Imperial Cancer Research
Fund, was originally obtained from the
Chester Beatty Research Institute.
Cell culture. Cell cultures were derived
from whole, 11-day rat embryos and were
passaged when confluent (by trypsinization,
splitting 1: 3), or fed every 3-4 days with
fresh CM. Monolayer and agar suspension
cultures were incubated at 37°C in a moist
atmosphere of 50o CO2 in air.
Cell stocks-.Stocks of all cells, at various
passage intervals, were preserved in liquid
nitrogen. 1 ml of a suspension of 1-2 x 106
cells in CM containing 10% dimethyl-
sulphoxide (Dougherty, 1962) were subjected
to a temperature reduction rate of 1-2°C/min
before storage. Cells were recovered by
rapid thawing.
Treatment of embryo cultures.-A previous
study (Sanders and Burford, 1967) on the
toxic and transforming actions of NMU on
pseudodiploid Chinese hamster lung cells
suggested that a 25 jug/ml solution of NMU
would be nontoxic and probably trans-
forming. Treatment was carried out at
the 4th passage of the embryo cells when
semi-confluent monolayers were washed with
warm phosphate buffered saline (PBS), and
duplicate plates were treated with a fresh
solution of 25 yg/ml NMU in PBS. Control
cultures were treated with PBS alone.
After 2 hours at 37°C in a gassing incubator,
rocking the dishes periodically to ensure
uniform treatment, the solutions were re-
moved, the cultures washed again with
warm PBS, and fed with fresh CM. The
duplicate cultures behaved similarly and
after a few subcultures were amalgamated
to give lines of treated and untreated cells
called N and P cultures respectively.
Assay for transformed cells.-At various
intervals after treatment, single-cell suspen-
sions of N and P cultures were made in
2 ml molten overlay medium at 40°C,
which was then allowed to set on top of
6 ml of pre-set base medium. Cultures were
then examined by microscopy to check if
the overlay contained single cells or ag,gre-
gates; those containing aggregates were dis-
carded. Agar cultures were fed with 2ml
of fresh overlay medium after 10 days, and
observed every 3-4 days for the appearance
of colonies, indicating that some cells had
transformed (Macpherson and Montagnier,
1964; Otsuka, 1972). Colonies were counted
under a hand lens 21 days after plating, and
the counts related to the number of cells
plated to give an agar plating efficiency.
Clones-.At 26 passages after treatment,
when the number of cells suspended in agar
was low, isolated colonies were picked out
with a fine Pasteur pipette and grown up to
give cloned cell lines derived (presumably)
from single cells.
Induction of tumours.-Passage 5 embryo
cells and transformed N and P cells at
passage 31, 107 days after treatment, were
inoculated subcutaneously into litters of
newborn rats at a dose of 3 x 105 cells per
animal. Cloned N and P cells, 4 passages
after picking from agar, were inoculated
subcutaneously into adult male rats at a
dose of 105 cells per animal.
Sites of inoculation were palpated twice
weekly for tumours. The animals were
killed when growths reached 2 cm in diameter,
were examined at autopsy for gross meta-
stases and sections of all tumours prepared
for histological examination. Some tumour
tissue was minced and transplanted, either
fresh or after being stored at -70°C and
rapidly thawed, into adult male rats (Table
III). Frozen tumour mince was preserved
either in a mixture of 6.2% glucose/12.50'
glycerol (glu/gly) or in CM containing 10%
dimethylsulphoxide (DMSO).
Histology.-Tissues were fixed in either
10% formol saline or in formol acetic alcohol,
and embedded in paraffin wax. Duplicate
sections, 3-6 ,um thick were stained with
haematoxylin and eosin, and with the Van
Gieson stain for collagen. Some additional
sections were stained by Gordon and Sweets'
method (1936) for reticulin, the alcian blue
stain for mucopolysaccharides and with
phosphotungstic acidhaematoxylin to demon-
strate muscle striations.
Electron microscopy.-Transformed cells,
tumour tissue and some cell lines derived
from tumour explants were examined for
the presence of virus. Material was fixed
in 1% osmium tetroxide and embedded in
Epikote resin. " Silver " sections, cut on a
Reichert OmU2 ultramicrotome, were double-
stained with uranyl acetate and lead citrate,
and examined with a Philips EM300 electron
microscope.
WERC cells (Gazzolo, Simkovic and
Martin-Berthelon, 1971), kindly provided by
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Dr D. Simkovic, were examined similarly
(at an earlier passage than examined by
Gazzolo et al.) to serve as an example of
cells carrying C-type virus particles.
RESULTS
Assays for transformed cells
Plating efficiencies for P and N cultures
from the time that transformed cells
were first detected are shown in Table I.
For cultures of the same age, P cells
gave rise to 25-75 times as many colonies
TABLE I. Agar Plating Efficiencies for
N and P Cultures at Variou-s Passages
Including and Following the First
Detection of Transformed Colonies
Passages in
culturet
23
26
30
No. of colonies
counted*/
No. of cells plated
120/104
67/5 x 103
393/104
170/5 x 103
248/103
140/5x 102
62/5 x 104
15/194
7 5/5 x 103
16/5x 103
4/103
* Average of 2 dishes.
t Treatment at passage 4.
Average
APE
1-27
in agar as did N cells. P cells also gave
rise to larger colonies; thus it was possible
to obtain 4 P single-cell clones but only
one N clone.
Tumour induction
The frequencies and latent periods of
induction of primary tumours (from cells
transformed in vitro) are shown in Table
II. Only early passage embryo cells
failed to give rise to tumours, even after
injection into animals less than 24 hours
old. The corresponding results for trans-
planted tumours are shown in Table III.
With one exception (Experiment 7, Table
III), all attempts to transplant primary
tumours into adult male rats were success-
ful. In no cases were tumours observed
other than at site of inoculation.
-.
-1 Histopathology of tumours
3-67 (i) Primary tumours. In general there
26-4 was no striking difference in the morph-
ology of the tumours induced by uncloned
0- 14 cells that had transformed either spon-
taneously or after treatment with NMU.
0 36 However, tumours arising from the single
clone of N cells contained many more
giant cells than those arising from P
clones. Except for 2 tumours which
TABLE II. Induction ofPrimary Tumourrs
No. of rats
Rats with tumours
_______A__ Dose and nature at site of
Experiment Number Age of inoculum inoculation
A 7 <24 hours 3 x 105 uncloned 7
N cells
B 7 < 24 hours 3 x 105 uncloned 7
P cells
C 7 <24 hours 3 x 105 passage 5 Ot
embryo cells
D 4 5 weeks 105 P cells 4
(clone 5)
E 4 5 weeks 105 P cells 4
(clone 6)
F 4 5 weeks 105 P cells 4
(clone 8)
G 4 5 weeks 105 P cells 4
(clone 20)
H 4 5 weeks 105 N cells 3
(clone 18)
* Time elapsed between injection and tumour reaching 2 cm diameter.
t After 16 months.
Latent period*
(days)
Range Mean
100-233 157
122-225 179
99-188 137
102-140 117
138-461 233
118-272 178
263-427 337
Cell
type
p
p
p
N 26
N 30
442TUMOURS DERIVED FROM TRANSFORMED CELLS
TABLE III. Transplantability of Tunmours
Rats
r -
Experimeint Age
number Number (weeks)
2
3
4
0
6
7
4
5
3
4
4
4
4
4
9
7
7
9
9
9
9
9
Source of
tumour
inoculumt
Rat 1
Experiment A
Rat 4
Expeiiment A
Rat 5
Experiment A
Rat 2
Experiment B
Rat 3
Experiment B
Rat 4
Experiment B
Rat 1
Experiment D
Rat 3
Experimenit D
Fresh or
firozen
mince(l
tissue
Fresh in
glu/gly§
Frozen in
glu/gly
Frozeni in
glu/gly
Frozen in
CM+DAISO§
Fiozen in
CM+DMSO
Frozen in
glu/gly
Frozen in
glu/gly
Frozen in
CI +DAISO
Inocu-
lum
dloset
(ml)
0 4
0 5
0 5
0 4
0 4
0 4
No. of
animals with
tumours at
site of
inoculation
Latent period*
of tumour
bearing animals
(days)
Range Mean
4 30
5 46
3 42-62
4 97-137
2 54-88
3 97-127
30
46
53
118
71
107
0 4 0*
0 *4 4 42-70 49
9 3 4 Rat 3 Fresh in 0 3 3 57
Experiment H CIN§
10 3 4 Rat 2 Fiesh in 0 3 3 28
Experiment 5 CMI
* After 8 months.
t Experiment numbeis refer to Table II except in Experiment, 10 which refers to Table III.
I Tumour: Fluid in the ratio of 1: 5 (v/v).
§ See " Alateiials and -MethodIs " for explanation of abbreviations.
resembled haemangiopericytomata, one
in a rat from Experiment A and the
other in a rat from Experiment B (Table
II), all tumours were fibrosarcomatous in
nature. Over 60% of the tumours were
basically myxoid in type, composed of
cells containing elongated, dense nuclei
and with thin strands of eosinophil cyto-
plasm, sometimes making cell-to-cell con-
tact. This pattern was often seen in
conjunction with oedema of the inter-
cellular spaces (Fig. 1). Most tumours
contained varying proportions of leiomyo-
matous areas, characterized by cells with
broader, less dense nuclei, a far more
pronounced chromatin pattern and an
eosinophil cytoplasm which was more
extensive and showed less projections
than the myxoid type (Fig. 2). Only
3000 of the tumours were more leiomyo-
matous than myxoid.
Bi- and trinucieate forms of giant
cell, often in mitosis, were frequently
found in the leiomyomatous areas (Fig. 2)
but were also occasionally found in
myxoid areas where it was more usual
57
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to find uninucleate forms (Fig. 1). Tu-
mours induced by the cloned N cells
(Experiment H, Table II) contained a
particularly large number of giant cells
(Fig. 3). The tumours were basically
leiomyomatous, with myxoid areas grow-
ing between fibres ofsubcutaneous muscle.
The giant cells had nuclei of varying
size, ranging in number from one to 6
per cell. It is unlikely that the tumours
were rhabdomyosarcomata since staining
with phosphotungstic acid haematoxylin
failed to show any signs of striations in
the giant cells, although striations were
readily seen in degenerating bundles of
muscle fibres.
Reticulin was demonstrated in all
sections stained by Gordon and Sweets'
method; in leiomyomatous areas it was
abundant as thin strands surrounding
individual cells or small groups of cells,
whereas in myxoid areas reticulin was
usually present as single strands along
which the cells were growing. In oede-
matous areas the reticulin formed delicate
lacework patterns.
443FIG. 1. Myxoid area in a tumour derived from uncloned P cells showing giant cells. Haematoxylin
and Eosin (H. and E.). Bar represents 100 ,um.
FiG. 2.-Cellular detail of a leiomyomatous area found in a tumour derived from a cloned cell line
of P cells, showing a multinucleate giant cell and 2 giant cells in mitosis. H. and E. Bar represents
100 Lm.FIG. 3.-Area of a tumour derived from the cloned N cell line showing numerous giant cells in a
basically leiomyomatous tumour. H. and E. Bar represents 250 [m.
FIG. 4.-Highly vascularized tumour derived from uncloned P cells with characteristics ofa haemangio-
pericytoma. H. and E. Bar represents 250 Fm.
31FIG. 5.-Area of Fig. 4 at higher magnification to show blood vessels surrounded by giant cells.
H. and E. Bar represents 50 ,um.
FiG. 6.-Well vascularized area from a tumour derived from uncloned P cells showing perivascular
whorling by tumour cells. H. and E. Bar represents 250 ,um.FIG. 7.-Myxoid area with wave-like structure resembling neurogenic tissue. H. andE. Bar represents
100 ,Lm.
FIG. 8.-Round cells resembling histiocytes seen in the first passage of a tumour derived from uncloned N cells, but absent in the original tumour. H. and E. Bar represents 250 ,um.D. J. KIRKLAND AND C. R. PICK
Collagen, as demonstrated by the
Van Gieson stain, was not found in all
tumours; in only 3 cases was it abundant
as thick bands running parallel to the
line of cell growth, associated with the
myxoid areas of the tumours. Six other
tumours showed a few areas of collagen
deposition but in the remaining cases
very weakly red-staining collagen could be
discerned in very few areas or not at all.
All types of tumours stained very weakly
for mucopolysaccharides with alcian blue.
Thus it was possible to differentiate
between myxoid and leiomyomatous areas
by the reticulin pattern but not by
mucopolysaccharide stain.
One basically leiomyomatous tumour
had areas containing many vascular ele-
ments (Fig. 4), which varied in size from
very small capillaries to large thin-walled
vessels (Fig. 5) with endothelium one cell
thick, but with nothing separating the
endothelial lining from adjacent tumour
cells. The reticulin stain demonstrated
the capillary nature of these vessels.
Uninucleate giant cells were often seen
in close association with the capillary
endothelium (Fig. 5), and bi- and tri-
nucleate forms were not uncommon. The
eosinophil cytoplasm of these cells fol-
lowed the contours of the endothelial
cell so closely that it was sometimes
difficult to discern whether or not the
giant cell formed the vessel wall. Tumours
resulting from transplantation of this
primary tumour failed to show the
vascular features of the original.
The fibroblastic cells in one myxoid
sarcoma grew in tight curls around its
capillary vasculature (Fig. 6). Numerous
uninucleate giant cells were observed
which were polygonal in shape, with
large nuclei and extensive basophil cyto-
plasm. This morphology was not com-
pletely retained after transplantation but
was present in some areas.
Another myxoid sarcoma was struc-
turally similar to neurogenic tissue (Fig.
7). The fibroblastic cells grew in wavy
sheets and the Van Gieson stain showed
this tumour to be highly collagenous.
(ii) Transplanted tumours.-In most
cases the original morphology of the
tumour was maintained on transplanta-
tion. In one case, however, a myxoid
fibrosarcoma on transplantation to 4 rats
yielded 3 atypical sarcomata containing
numerous rounded cells (Fig. 8) among
the typical spindle cell elements. These
cells had eccentric nuclei and finely
granular eosinophil cytoplasm which tend-
ed to stain more darkly at the periphery
where, in some cases, small vesicles could
be seen. Giant cells were encountered
but their nuclear outline was indistinct,
which probably indicated they were under-
going ballooning degeneration. The
Ziehl-Neelsen stain, to determine whether
these cells were histiocytes containing
acid-alcohol-fast bacilli, was negative.
Electron microscopy
In the WERC cells that were examined
at early passage, only 10 C-type particles
were found in 100 cell sections and in
all cases the virus was budding. In
some 300 cell sections from transformed
P and N cultures, tumour tissue and
tumour-derived cell lines that have been
examined, no C-type particles or intra-
nuclear DNA viruses have been found.
DISCUSSION
Some assays for transformed cells rely
on morphological changes in culture.
Such " transformed " cells are often not
tested for tumorigenicity (DiPaolo, Dono-
van and Nelson, 1969a, 1971a) and ifthey
are, either do not give rise to tumours
(Freeman et al., 1970, 1971b) or are
shown to be tumorigenic after some
weeks ofgrowth in tissue culture following
a positive assay result (DiPaolo, Nelson
and Donovan, 1969b, 1971b), during
which time further changes may have
taken place.
In spontaneously transforming rat
embryo cells, Sharon and Pollard (1969)
observed morphological changes in culture
at the 8th passage, but an inability to
produce tumours in syngeneic hosts until
448TUMOURS DERIVED FROM TRANSFORMED CELLS
the 19th passage. It would appear that
morphological changes in vitro do not
necessarily indicate that the cells are
tumorigenic in vivo. Although both cell
types showed morphological change from
flattened cells occupying a large surface
area to become more crowded with fewer
processes at passage 13, they did not
give a positive soft agar assay until at
least the 23rd passage, when they were
also found to be tumorigenic. When
cells cultured in vitro form colonies in
soft agar suspension they will usually
give tumours in syngeneic hosts. This
test, therefore, can serve as a valuable
assay system for detecting such tumori-
genic cells in tissue culture.
It is interesting that P cultures con-
tained a higher percentage of transformed
cells than N cultures according to the
assay results (Table I). This indicates
that treatment of rat embryo cells with
25 /ig/ml NMU tends to inhibit spon-
taneous transformation, perhaps by hav-
ing a preferential killing effect on cells
that would later have transformed spon-
taneously. However, tumours arising in
rats from uncloned P and N cells do so
with similar frequency after similar latent
periods (Table II). We conclude that
the agar assay is useful in qualitative
studies oftransformation. Further studies
will determine whether it is equally useful
in quantitative studies. It is also inter-
esting that the cells should have spon-
taneously transformed so readily with
bovine foetal serum (BFS) present in
the medium since previous studies with
C3H mouse embryo cells (Evans and
Andresen, 1966; Sanford et al., 1972)
showed BFS to be an inhibitor of spon-
taneous transformation when compared
with horse serum. However, the con-
centrations of BFS used were in excess
of 5 (cf. 2 0), and it is not known
whether the factor present in BFS which
inhibits transformation of mouse cells
has any effect on rat cells; from our
results it would appear not, certainly at
a level in the medium of 2%.
Although skin tumours have been
obtained by topical application of NMU
(Graffi, Hoffmann and Schuitt, 1967),
attempts at inducing subcutaneous tu-
mours from single injections of NMU
have been unsuccessful (Kelly et al.,
1968). We are unable, therefore, to
compare the subcutaneous fibrosarcomata
induced by N cells with tumours induced
in vivo by NMU. The frequency of
spontaneous, subcutaneous fibrosarcomata
in Wistar rats is very low (Crain, 1958;
Ratcliffe, 1940) and since the morphology
of such tumours in rats has not been
illustrated, we are unable to say if the
tumours induced subcutaneously by P
cells are similar to those occurring spon-
taneously. The best comparisons are
therefore drawn with subcutaneous
mouse sarcomata induced by chemicals or
transformed cells, or arising spontaneously.
With the exception of tumours arising
from cloned N cells, the fibrosarcomata
we observed for the most part resembled
spontaneous subcutaneous sarcomata oc-
curring in mice (Slye, Holmes and Wells,
1917; Dunn, Heston and Deringer, 1956),
although peripheral acellular areas were
not observed, presumably due to replace-
ment by more rapidly growing cells, as
Dunn et al. (1956) suggest, occurs when
tumours are left in situ for any length
of time after their first appearance.
Nettleship et al. (1943) injected C3H
mice with syngeneic cells that had trans-
formed spontaneously in tissue culture.
The tumours that arose were morpho-
logically similar to the fibrosarcomata
described in the present paper. In more
recent experiments, Franks, Chesterman
and Rowlatt (1970) obtained similar
mouse tumours by the inoculation of
transformed syngeneic cell lines derived
from a variety of cultured adult and
embryonic organs. Of the 3 main cate-
gories of tumours they described, we
were able to recognize 2 types (myxoid
and leiomyomatous) but were unable to
locate epithelioid areas in any of the
sections examined.
The presence of giant cells in most
of our rat tumours is not unusual since
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they were noted by Dunn et al. (1956) as
occurring in many spontaneous mouse
fibrosarcomata. Moreover, the predomin-
ance of uninucleate types in myxoid
areas and multinucleate types in leiomyo-
matous areas compares with the findings
of Franks et at. (1970) in their mouse
tumours. Although we have observed
muscle giant cells in rapidly growing
transplanted tumours, most of our giant
cells bear more resemblance to those
occurring in chemically-induced tumours
(Bonser and Orr, 1939).
After a long latent period, cloned N
cells gave rise to tumours with a high
proportion of giant cells compared with
all other tumours in the series. Earle
et al. (1943) found that cells treated in
vitro with methylcholanthrene (MC) for
long periods (184 and 406 days) gave
rise to tumours with higher proportions
of giant cells and longer latent periods
than tumours derived from cells treated
for shorter periods. A similar result has
been achieved in our experiments by the
cloning of cells treated for a short period
with a carcinogen.
Although Franks et al. (1970) discussed
the possibility that some of their mouse
tumours resembled certain types of hae-
mangiopericytoma, no examples were illus-
trated. One tumour (Fig. 4) shows
features described by Stout (1949) as
typical of human haemangiopericytoma,
and is similar in morphology to 2 examples
he illustrated. The tumour illustrated in
Fig. 6, showing pronounced perivascular
whorling, cotuld also be described as a
haemangiopericytoma since Stout (1949)
suggests the possibility that pericytes,
being of mesenchymal origin, may change
character and become fibroblastic. It is
clearly difficult to distinguish between a
well vascularized fibrosarcoma and a
pericytoma with fibroblastic pericytes,
and we heed the advice of Willis (1967a)
in taking the utmost caution in diagnosing
the latter, especially since the vascular
features were not retained on transplanta-
tion and could, therefore, have been of
host origin.
Spontaneous subcutaneous vascular
tumours have been observed in Wistar
rats by Crain (1958) and in mice by
Slye et al. (1917) and Dunn et al. (1956),
who recorded low incidences of angio-
sarcoma and haemangioendothelioma
respectively. Nettleship et al. (1943)
found one example of an angiomatous
tumour in those arising from MC-trans-
formed mouse cells, but Bonser and Orr
(1939) and Lewis (1939) found no such
tumours in mice after subcutaneous
injections of carcinogenic polycyclic
hydrocarbons. One tumour arising from
uncloned N cells (Fig. 7) exhibited a wave-
like structure similar to 2 human neuro-
fibromatous lesions described by Stewart
and Copeland (1931), and was also
similar in morphology to a polyoma virus-
induced tumour of the hamster reported
by Berman (1967). Willis (1967b) states
that neurofibromata tend to lay down a
lot of collagen and this rat tumour was
no exception in this respect; however, in
the absence of any obvious neurogenic
origin, the diagnosis of neurofibroma
cannot be substantiated. Nettleship et
al. (1943) produced a turnour showing
neurogenic pattern from MC-transformed
mouse cells, but whether or not this was
associated with nervous tissue is not
recorded.
The atypical round cells (Fig. 8) seen
in one tumour that changed in morphology
on transplantation, closely resembled
those described as " macrophage-type "
by Ahlstrom and Jonsson (1962), in a
virus-induced rat Rous sarcoma. In 1941,
Doljanski and Tenenbaum reported round
cells in Rous sarcoma cultures in vitro
and observed reversible change to spindle
type. The round cells shown in Fig. 8
may result from a similar change in vivo.
In an attempt to test the possibility of
this tumour being a virogenic rat Rous
sarcoma, a mince of the primary tumour
(which gave rise to the round cell tumour
on transplantation) was inoculated into
the wing web of 7-day old White Leghorn
chicks (Ahlstrom and Jonsson, 1962).
No tumours arose in 6 weeks.
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Franks et al. (1970) referred to the
histological similarity between some of
their tumours derived from spontaneously
transformed cells and virus-induced tu-
mours. C-type particles have been found
in spontaneously transforming mouse and
rat cells (Franks and Wilson, 1970;
Gazzolo et al., 1971; Bergs et al., 1972).
It has been suggested that transformation
of cells after chemical treatment occurs
only if a C-type virus particle is present
in the culture either by infection (Freeman
et al., 1970, 1971b; Price et al., 1971;
Rhim, Creasy and Huebner, 1971a; Rhim
et al., 1971b), or as a result of activation
by the chemical (Freeman et al., 1971a),
in which case the virus can be detected
in the tumour and in tumour-derived cell
lines. Using our standardized search
method for viruses with the electron
microscope, we are satisfied that none of
the transformed cells, tumour tissue or
tumour-derived cell lines examined carried
visible virus particles.
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